INTRODUCTION
The behaviour of a mechanical system under impact loading is a subject of great interest in engineering mechanics. Impact responses are nonstationary signals which contain very high frequency components during the short duration of impact and lower frequency components in their long time behaviour after impact. For analysis of impact responses, wavelets provide a useful tool. They allow the changes in the spectral composition of impact responses to be obtained and presented in the form of a time-scale map.
1,2 In numerical simulations of impact responses the discretisation of elastic bodies plays an important role in the modal approach and in the finite element method. In this paper, we use wavelet analysis as a tool to investigate the influence of the discretisation on impact responses. As an example, a longitudinal impact system of a ball striking a free rod is used. We discuss how well the impact response of this continuous impact system is approximated using a discrete system with finite degrees of freedom based on the modal approach from a wavelet analysis point of view. While traditional comparisons in the time domain give no frequency localisation and traditional comparisons in the frequency domain give no time localisation, comparisons in the time-scale map by means of the wavelet analysis provide both time and frequency localisation simultaneously. Compared with the short time Fourier transformation, the wavelet analysis offers a good time resolution at high frequencies and a good frequency resolution at low frequencies.
Moreover, the wavelet analysis can also be used for denoising. In mechanical systems weak collisions may appear. For the failure analysis, the time localisation of the collisions provides important information. However, weak collisions are difficult to detect since motion measurements are not always completely available and measured signals are always disturbed by measurement noise. In this paper, the collision detection from noisy signals using the wavelet analysis is also discussed for longitudinal impacts of a rigid body striking a fixed rod.
LONGITUDINAL IMPACT DYNAMICS
Longitudinal impact responses, e.g. created by a ball striking an elastic rod, are typical nonstationary signals. During the short duration of impact, impact responses have very high frequency components, which decay quickly after separation and low frequency components are then dominant. Wavelets may provide a powerful tool for the analysis of such nonstationary impact responses. The schematic description of the impact system and the experiment is shown in Fig. 1 . A slender homogeneous brass rod is struck at the contact point by a moving steel ball with mass The dynamics of a mechanical system during impact and after impact has very different characteristics since impact responses are transient and have very high frequency components. For the numerical simulation of impact responses, the discretisation of elastic bodies plays an important role in modal analysis and in the finite element method. In this paper, we use wavelet analysis as a tool to investigate the influence of the discretisation on impact responses. As an example, a longitudinal impact system of a rigid body striking an elastic rod is used. We discuss how well the impact response of this continuous impact system is approximated using a discrete system with finite degrees of freedom based on the modal approach from a wavelet analysis point of view. Numerical simulation results are compared with experimental results. Furthermore, in mechanical systems weak collisions may appear. They are difficult to detect experimentally since motion measurements are often available only partially and measured signals are always disturbed by measurement noise. It is shown that wavelet analysis is a powerful tool to detect weak collisions even from noisy signals.
